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In an inhomogeneous plasma immersed in a magnetic field, there are
waves associated with the density and temperature gradients. Such waves

are electrostatic in nature and propagate in a direction perpendicular

to both the magnetic field and the gradients., There have been ex- o
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tensive theoretical calculations and experimental observations

regarding these waves in the unstable regime. However the damping of
these waves in the stable regime has not been investigated. It is the

purpose of this paper to report the excitation and damping of such
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drift waves in the stable regime in a highly ionized plasma.
excitation of small amplitude waves (E%-f 0.1) permits one to verify
the dispersion relation derived from a linearized theory as in the case
of ion acoustic waves.11

This experiment makes use of the characteristic of the drift wave
that it is a standing wave in the axial direction and a propagating wave
in the azimuthial direction., Thus after the wave is excited to steady
state, the excitation signal is withdrawn and the temporal damping is
measured. This measurement is meaningful because the wave does not pro-
pa~te away from the observation region. The experiment is conducted

12

on a Q-device ” which produces a potassium plasma confined axially by

a hot tungsten plate at one end and a cold tantalum plate at the other,



The plasma column length is adjustable between 100cm and 65cm by moving
either end. Radially, the plasma is confined by an axial magnetic field
and has a diameter of 2.5cm. The experiment was performed under suitable

conditions (1010<n<7x1010 and 1,2KW <Plate< 1,5KW and sufficiently high

Power ~
magnetic field) such that the hot end plate is electron rich and the naturally

occurring background fluctuations have strength %%-s .01, The drift wave
was excited by inserting a floating 2cm x 2cm tungsten grid (.0025cm
diameter wire and .05cm spacing) into the plasma near the maximum density
gradient, the grid plane being parallel to the axial direction. Figure 1
shows a typical excited wave and its temporal damping when the excited
signal is withdrawn., Phase measurements with Langmuir probes show that
the wave travels azimuthally in the direction of the electron diamagnetic
drift and exhibits an m = 1 characteristic. This wave reverses its
direction upon reversal of the magnetic field. The optimium frequency of
excitation indeed corresponds to the naturally excited frequency in the

unstable regime as density or end-plate sheath conditions are changed.

Under our experimental conditions in which kzkmfp << 1, wr . << 1,
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and wtr__ << 1, where k_ is the wave number along ﬁ, A is the electron
ee z mfp

or ion mean free path, w is the excitation frequency, Tei is the electron-

ion collision time and Tee is the electron-electron collision time, we

have employed fluid equations for both ions and the electrons in the

manner of Moiseev and Sagdeev1 and Chen2 and have derived the following

expression for the destabilizing term for kLRL<<1

m 3n_ 2
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where
Vei = electron ion collision frequency kz, kJ = axial, azimuthal
" wave number resp.
m = azimuthal mode number RL = ion cyclotron radius

m , M = electron, ion mass respectively y = ratio of specific heats

In the stable regime this destabilizing tors wg is smaller than the damping
texm w which most probably arises from losses due to reflection from the
end plates. We have chosen as experimental parameters the axial magnetic
field B and the column length L which changes wg(a£;9 appreciably but
leaves W, relatively unaffected. Thus the measureg overall damping rate
(wo - mg) varies principally with wg. Figures 2a and 2b show the variation
of damping rate as function of B and L.13
The discrepancy in Fig. 2a is increasingly large at lower magnetic
field where kLRL + 0.3, In fact during certain runs we have seen the
overall damping first decrease as B is lowered then increase again when
B is lowered further beyond 1400-1700 sauss. The discrepancy can be
attributed to the fact that large Larmor radius effects have not been
included in the present theory.14 The variation of damping with column
length in Fig, 2b seems to indicate that resistive effects are important.
Collisionless damping would have required a linear dependence on L.6
We have also observed that the damping decreases with increasing
density and decreasing end-plate power which controls the plasma temperature.
Since Vai - n/T3/2 this fact qualitatively agrees with the theoretical
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prediction of W, T Veie Finally it is observed that the damping rate

O

varies with the excitation amplitude when %%-z 20%. The damping rate

at %%-= 30% is in fact twice as large as that at %% = 10%. This



experimental fact points out that one must be careful in using a
linearized theory to interpret quasilinear or nonlinear effects of drift
waves.

In conclusion, we have demonstrated the excitation of drift waves
whose damping can be explained partially by a fluid theory including
resistivity. This present method of excitation promises a quantitative
differentiation between collisionless and resistive damping and an

investigation of the transition from linear to quasilinear regimes.
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In making the quantitative comparison between theory and experiment, we have
used w_, the measured damping at the highest magnetic field or the shortest
0

column length for which w_ is small, as the starting point. It is also

el

w
necessary to assume ky; = 5T

We are grateful to B. Coppi for pointing this out.




2a.

2b.

Figure Captions

The signal is applied by a tone burst generator to a floating 2 cm X 2 cm
grid placed at the density gradient maximum and the wave is received by a
Langmuir probe also placed at the density gradient maximum but axially

displaced.

Damping rate (mi =, - wg) as a function of axial magnetic field. The
density is 7 x 1010, temperature is 2250°K, and column length is 100 cm.
The excitation frequency (10 - 20 KC) varies approximately as B-1 and is

dependent upon the end plate temperature and its gradient.

Damping rate as a function of column length. The density is 6 xﬁlolo/cc,

temperature is 2300°K, magnetic field is 1700 gauss.
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